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(54) ULTRASONIC DIAGNOSTIC DEVICE 

(57) An ultrasonic diagnostic device, wherein a B- 
mode picture and a color flow mode picture can be 
superposed without any of them being missing. The 
ultrasonic diagnostic device transmits ultrasonic pulse 
signals to an area containing moving parts, such as the 
blood flow, etc., in a living body and displays the state in 
the living body based on reflected waves. The diagnos- 
tic device comprises a signal acquiring device lor 
acquiring B-mode picture displaying signals of a diag- 
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nosing area, another signal acquiring device for acquir- 
ing color flow mode picture displaying signals which 
show the kinetic information on the Wood, etc., in colors, 
an opaquing device for causing the B-mode picture dis- 
playing signals and color flow mode picture displaying 
signals to be semiopaque, and a display which displays 
signals from the opaquing device and combination of B- 
mode pictures and color flow mode pictures. 
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The present invention relates to an ultrasound diagnostic apparatus which can effectively diagnose a specified 
region of a living body including its moving parts such as blood flows. More particularly, the invention relates to an ultra- 
sound diagnostic apparatus which enables simultaneous observation of a B-mode picture in which obtained data is dis- 
played in accordance with echo intensities and a color picture in which information on movements of blood, walls of 
blood vessels and heart muscle, for instance, is displayed in colors. 

DESCRIPTION OF THE BACKGROUND ART 



One known example of the prior art is an ultrasound diagnostic apparatus which can display a B-mode image rep- 
resenting echo intensities and a color flow mode image depicting directions and velocities of blood flows. This ultra- 
15 sound diagnostic apparatus was constructed in such a way that it could display only the B-mode image or the color flow 
mode image of any given area, allowing an operator to specify a desired area in the B-mode image to present the color 
flow mode image within that area. 



SUMMARY OF THE INVENTION 



With conventional ultrasound diagnostic apparatuses, no color flow mode image was displayed in an area where 
B-mode information was displayed, while no B-mode image was displayed in an area where a color flow mode image 
was displayed. Thus, the conventional apparatuses have been associated with a problem that there was no alternative 
but to present diagnostic information in only one display mode for any given area, omitting information in the other dis- 
ss play mode. One approach to the solution of this problem would be to use a mixed display method in which a B-mode 
image and a color flow mode image are superimposed. It has however been confirmed that both images are blurted in 
superimposed presentation according to the mixed display method and become difficult to discriminate. 

Accordingly, H is an object of the invention to provide an ultrasound diagnostic apparatus which can display a super- 
imposed picture of both B-mode and color flow mode images without loosing information of either image. 
30 It is another object of the invention to provide an ultrasound diagnostic apparatus which displays a picture by per- 
forming a translucent display operation on a B-mode image display signal obtained from B-mode image display signal 
acquisition means and on a color flow mode image display signal obtained from color flow mode image display signal 
acquisition means. 

It is still another object of the invention to provide an ultrasound diagnostic apparatus which displays a picture by 
35 performing a translucent display operation on a B-mode image display signal obtained from B-mode image display sig- 
nal acquisition means and on a power Doppler image display signal obtained from power Doppler image cfisplay signal 
acquisition means. 

It is yet another object of the invention to provide an ultrasound diagnostic apparatus which displays a picture by 
performing a translucent display operation on a B-mode image display signal and on a signal representative of the var- 
40 iance of Wood flows. 

A first feature of the invention is that an ultrasound diagnostic apparatus which transmits an ultrasonic pulse signal 
to a specified region of a living body including its moving parts such as a Wood flow and displays a status within that 
region of the living body based on reflected ultrasonic waves which have been received comprises B-mode image dis- 
play signal acquisition means for acquiring a B-mode image display signal derived from the scanned region, color flow 

45 mode image cfisplay signal acquisition means for acquiring a color flow mode image display signal which represents 
information on movements of blood and other moving parts in colors, translucent display processing means which per- 
forms a translucent display operation on the B-mode image display signal fed from the B-mode image display signal 
acquisition means and the color flow mode image display signal fed from the color flow mode image display signal 
acquisition means, and display means which displays a synthesized image produced by superimposing a B-mode 

50 image and a color flow mode image based on a signal fed from the translucent display processing means. 

A second feature of the invention is that an ultrasound diagnostic apparatus which transmits an ultrasonic pulse sig- 
nal to a specified region of a living body including its moving parts such as a blood flow and displays a status within that 
region of the living body based on reflected ultrasonic waves which have been received comprises B-mode image dis- 
play signal acquisition means for acquiring a B-mode image display signal derived from the scanned region, power Dop- 

55 pier image display signal acquisition means for acquiring a power Doppler image display signal which represents Wood 
flow intensities in colors, translucent display processing means which performs a translucent display operation on the 
B-mode image display signal fed from the B-mode image display signal acquisition means and the power Doppler 
image display signal fed from the power Doppler image display signal acquisition means, and display means which dis- 
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plays a synthesized image produced by superimposing a B-mode image and a power Doppler image based on a signal 
fed from the translucent display processing means. 

A third feature of the invention is that an ultrasound diagnostic apparatus which transmits an ultrasonic pulse signal 
to a specified region of a living body including its moving parts such as a blood flow and displays a status within that 

5 region of the living body based on reflected ultrasonic waves which have been received comprises B-mode image dis- 
play signal acquisition means for acquiring a B-mode image display signal derived from the scanned region, color flow 
mode image display signal acquisition means for acquiring a color flow mode image display signal representing infor- 
mation on movements of blood and other moving parts in a plurality of colors, f irsttranslucent display processing means 
which performs a translucent display operation on the B-mode image display signal fed from the B-mode image display 

10 signal acquisition means and the color flow mode image display signal fed from the color flow mode image display sig- 
nal acquisition means, power Doppler image display signal acquisition means for acquiring a power Doppler image dis- 
play signal which represents Wood flow intensities in colors of a single hue, second translucent display processing 
means which performs a translucent display operation on the B-mode image display signal fed from the B-mode image 
display signal acquisition means and the power Doppler image display signal fed from the power Doppler image display 

15 signal acquisition means, and display means which selectively displays a synthesized image based on a signal fed from 
the first or second translucent display processing means. 

According to claim 1 of the invention, an ultrasound diagnostic apparatus which transmits an ultrasonic pulse signal 

to g- ^p^rififtri-rpgiftn nf a living body including its moving parts su ch as a bloodflow and displays a status within that 

region of the living body based on reflected ultrasonic waves which have been received comprises B-mode image dis- 

20 play signal acquisition means for acquiring a B-mode image display signal derived from the region, color flow mode 
image display signal acquisition means for acquiring a color flow mode image display signal which represents informa- 
tion on movements of Wood and other moving parts in colors, translucent display processing means which performs a 
translucent display operation on the B-mode image display signal fed from the B-mode image display signal acquisition 
means and the color flow mode image display signal fed from the color flow mode image display signal acquisition 

25 means, and display means which displays a synthesized image produced by superimposing a B-mode image and a 
color flow mode image based on a signal fed from the translucent display processing means. In this aspect of the inven- 
tion, the B-mode image and color flow mode image are combined by way of the translucent display operation. The syn- 
thesized, or superimposed, image can therefore be displayed without blurring, in which the color flow mode image can 
be observed through the overlapping B-mode image. 

30 Accorcfing to claim 2 of the invention, the translucent display operation mentioned in claim 1 is accomplished by var- 
ying the brightness of each pixel of the color flow mode image in accordance with the brightness of a corresponding 
pixel of the B-mode image. In this aspect of the invention, the translucent display operation is performed by altering 
image brightness Accordingly, the color flow mode image retains its original hue, and this ensures the non-blurring, 
see-through viewing effect of claim 1 . 

35 According to claim 3 of the invention, alteration of image brightness stated in daim 2 is accomplished by multiplying 
the brightness of each pixel of the color flow mode image by the brightness of a corresponding pixel of the B-mode 
image. In this aspect of the invention, the image brightness is varied by a simple multiplying process so that the effect 
of claim 2 can be easily achieved. 

Accorcfing to claim 4 of the invention, alteration of image brightness stated in claim 2 is accomplished by multiplying 

AO the brightness of each pixel of the color flow mode image by a coefficient obtained by adding a specific coefficient to a 
coefficient which is proportional to the brightness of a corresponding pixel of the B-mode image. In this aspect of the 
invention, multiplying factors are weighted. Accordingly, superimposed portions can be displayed with increased bright- 
ness, and this serves to improve the see-through viewing effect of claim 2. 

According to claim 5 of the invention, alteration of image brightness stated in claim 2 is accomplished as follows: if 

45 the brightness of a pixel of the B-mode image is lower than a specific threshold, image brightness is varied by increas- 
ing the brightness of that pixel by a specific amount and multiplying the brightness of a corresponding pixel of the color 
flow mode image by the increased brightness of the pixel of the B-mode image and, if the brightness of a pixel of the B- 
mode image is higher than the threshold, image brightness is varied by simply multiplying the brightness of a corre- 
sponding pixel of the color flow mode image by the original brightness of the pixel of the B-mode image. In this aspect 

50 of the invention, the brightness of each pixel of the B-mode image is altered. It is therefore possible to display blood ves- 
sel regions with increased brightness, and this serves to improve the see-through viewing effect of claim 2. 

According to claim 6 of the invention, an ultrasound diagnostic apparatus which transmits an ultrasonic pulse signal 
to a specified region of a living body including its moving parts such as a blood flow and displays a status within that 
region of the living body based on reflected ultrasonic waves which have been received comprises B-mode image dis- 

55 play signal acquisition means for acquiring a B-mode image display signal derived from the region, power Doppler 
image display signal acquisition means for acquiring a power Doppler image display signal which represents blood flow 
intensities in colors, translucent display processing means which performs a translucent display operation on the B- 
mode image display signal fed from the B-mode image display signal acquisition means and the power Doppler image 
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display signal fed from the power Doppler image display signal acquisition means, and display means which displaysa 
synthesized image produced by superimposing a B-mode image and a power Doppler image based on a signalled 
from the translucent display processing means. In this aspect of the invention, the B-mode .mage and color-coded 
power Doppler image are combined by way of the translucent display operation. The synthesized, or siipenmposed, 
image can therefore be displayed without blurring, in which the power Doppler image can be observed through the over- 
lapping B-mode image. 

According to claim 7 of the invention, the translucent display operation mentioned in claim 6 is accomplish^ by var- 
ying the brightness of each pixel of the power Doppler image in accordance with the brightness of a corresponding p.xel 
of the B-mode image. In this aspect of the invention, the translucent display operation is performed by altering image 
brightness. Accordingly, the color flow mode image retains its original hue. and this ensures the non-blurnng, see- 
through viewing effect of daim 6. . . (flrti „ 

According to claim 8 of the invention, alteration of image brightness stated m claim 2 is accomplished by inverting 
the brightness of each pixel of the B-mode image and multiplying the inverted brightness by the bnghtness of acone- 
sponding pixel of the B-mode image. In this aspect of the invention, ihe brightness of the B-mode image is inverted, and 
this serves to enhance the non-blurting, see-through viewing effect of daim 7. 

According to daim 9 of the invention, an ultrasound diagnostic apparatus which transmits an uttrasonic pulse signa 
to a specified region of a Irving body induding its moving parts such as a blood flow and displays a status wrthin tfiat 
- redorvof the living bodybased-otLrefleded ultrasonic waves which have been received comprises B-mode i mage dis- 
play signal acquisition means for acquiring a B-mode image display signal derived from the region, color flow mode 
image display signal acquisition means for acquiring a color flow mode image display signal representing information 
on movements of blood and other moving parts in a plurality d colors, first tranducent display procesdng means which 
performs a translucent display operation on the B-mode image display dgnal fed from the B-mode image display signa 
acquisition means and the cdor flow mode image display signal fed from the color flow mode image display signal 
acquisition means, power Doppler image display signal acquisition means for acquiring a power Doppler image display 
signal which represents Wood flow intensities in odors of a single hue. second translucent display processing means 
which performs a translucent display operation on the B-mode image display signal fed from the B-mode image display 
signal acquisition means and the power Doppler image display signal, fed from the power Doppler image display signal 
acquisition means, and display means which selectively displays a synthesized image based on a signal fed from the 
first or second tranducent display processing means. In this asped of the invention, it is possible to sdedivefy siper- 
imposeacolor flow mode imageorapower Doppler mode image which is shown in (»lors of me single hue. ^ 
for a choice of alternative presentations on a angle display screen depending on specific needs of diagnosing the living 

^According to daim 10 of the invention, the information on the movements of blood and other moving parts or blood 
flow intensities mentioned in claims 1 , 6 and 9 are displayed in colors of a single hue. In this asped of the inventai. the 
information on the movements of Wood and other moving parts or Wood flow intensities can be easily observed as they 
are displayed in colors d the same hue. 

According to claim 1 1 of the invention, the information on the movements of Wood and other moving parts men- 
tioned in claims 1 and 9 is the variance of the Wood flow. In this asped of the invention, the information on the move- 
ments of Wood and other moving parts is the variance of the blood flow so that the translucent display operation can be 
applied to the variance d the Wood flow as well. . 

According to daim 12 of the invention, a display apparatus which presents a twc-dimenaonal image by supenm- 
posing a first information signal and a second information signal on each other comprises first signal generating means 
for produdng thefird information signal, second dgnal generating means for producing the second information s.gnal 
which is expressed by a plurality of colors, synthesized image signal acquisition means for producing a synthesized 
image signd by performing a tranducent display operation on the fird information signd and the second information 
signal which is expressed by a plurality of colors, and display means which displays a synthesized image based on the 
synthesized image signal fed from the synthesized image dgnal acquisition means. The invention is apphcaWe nd only 
to the ultrasound diagnostic apparatus but also to such display apparatus which presents a twc-dimensiond image by 
superimposing a fird information signal and a second information signal on each other. In this asped of the invention^ 
superimposed images can be displayed withod Wurring. in which the image in the background can be observed 
through the image in the foreground. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Wock diagram showing the configuration of an ultrasound diagnodic apparatus according to an embod- 
iment of the invention; . . t . .. , . . 

FIG. 2 is a flowchart showing a sequence of operations performed by a synthesis circuit d the embodiment of the 

invention; 
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FIG. 3 is a diagram illustrating a manner of color synthesis performed by the synthesis circuit of the embodiment of 
the invention; 

FIG. 4 is a flowchart showing another sequence of operations performed by the synthesis circuit of the embodiment 
of the invention; 

5 FIG. 5 is a flowchart showing still another sequence of operations performed by the synthesis circuit of the embod- 
iment of the invention; 

FIG. 6 is a diagram showing an example of presentation on an indicator according to the embodiment of the inven- 
tion; 

FIG. 7 is a flowchart showing another sequence of operations performed by the synthesis circuit of the embodiment 
w of the invention; 

FIG. 8 is a flowchart showing yet another sequence of operations performed by the synthesis circuit of the embod- 
iment of the invention; and 

FIG. 9 is a block diagram showing the configuration of an ultrasound diagnostic apparatus according to another 
embodiment of the invention. 

75 

BEST MODES FOR CARRYING OUT THE INVENTION 

^FIG^1-is-a4>loc&diagram-sbowingJb^ 

As shown in FIG. 1 , the ultrasound diagnostic apparatus 10 comprises an ultrasonic probe 1 1 which transmits and 

20 receives ultrasonic signals to and from a subject of diagnosis, a main unit 12 which drives the ultrasonic probe 1 1 and 
processes a signal received by the ultrasonic probe 1 1 , and an operating panel 1 4 which is connected to the main unit 
12 and makes it possible to transmit information on operator inputs to the whole apparatus. 

The main unit 12 can be roughly divided into ultrasonic probe circuitry and operating panel circuitry in accordance 
with types of signal flows to be handled. 

25 The ultrasonic probe circuitry includes an ultrasonic transceiver 15 which is connected to the ultrasonic probe 1 1 , 
parallel-connected first and second converters 16. 17 which are connected to an output of the ultrasonic transceiver 15. 
a digital scan converter (DSC) 18 which is series-connected to outputs of the first converter 16 and second converter 
1 7. a synthesis circuit 52 which is connected to outputs of the DSC 1 8. and an indicator 24 which is connected to out- 
puts of the synthesis circuit 52. 

30 The operating panel circuitry includes a central processing unit (CPU) 43 to which information on operator inputs 
is entered, and a timing signal generator 44 which is placed under the control of the CPU 43. The CPU 43 has the ability 
to deliver a signal for setting a region of interest (ROI) specified by an operator via the operating panel 14 to individual 
constituent elements concerned with ROI setting operation. 

The ultrasonic transceiver 15 forms B-mode image signal acquisition means. The first converter 16 constitutes 

35 velocity information display (cola flow mode image) signal acquisition means for obtaining information on the velocity 
of a Wood flow, for instance. The information on the blood flow velocity is displayed in colors of two different hues on the 
indicator 24. The second converter 17 constitutes variance signal acquisition means or power display (power Doppler 
image) signal acquisition means for obtaining information on the variance or power of the blood flow. Either the viariance 
or power of the blood flow is displayed in colors of a single hue (e.g., orange) on the indicator 24. The synthesis circuit 

40 52, CPU 43 and other circuit elements form synthesized image acquisition means which performs a translucent display 
operation on relevant signals and generates a synthesized image while the indicator 24 constitutes display means for 
presenting the synthesized image. 

The ultrasonic probe 1 1 incorporates a transducer formed of a plurality of strip-shaped piezoelectric transducer ele- 
ments arranged in an array, for instance. The ultrasonic probe 1 1 receives an output signal from the ultrasonic trans- 

45 ceiver 15, transmits an ultrasonic signal into a human body, and delivers a received echo signal back to the ultrasonic 
transceiver 1 5. The ultrasonic transceiver 1 5 is formed of a transmitter and a receiver. The aforementioned piezoelectric 
transducer elements are individually excited by driving signals fed from the ultrasonic transceiver 15. The direction of a 
transmitted ultrasonic beam is electronically varied by controlling delay times given to the individual driving signals so 
that the transmitted beam scans across a region within a sector. A delay time pattern the ultrasonic transceiver 15 

so applies to the individual driving signals is determined by the CPU 43 using a reference signal fed from the timing signal 
generator 44 as a time base. Controlled by the CPU 43 in this manner, the ultrasonic transceiver 1 5 outputs driving volt- 
age signals to the ultrasonic probe 1 1 , the individual driving voltage signals conforming to the delay time pattern deter- 
mined in accordance with scanning directions (in which the transmitted beam is directed). Upon receiving these driving 
voltage signals, the individual piezoelectric transducer elements of the ultrasonic probe 1 1 convert the voltage signals 

55 into an ultrasonic signal, which is transmitted toward targets in a human body. The transmitted ultrasonic signal is 
reflected by body organs including blood vessels back to the ultrasonic probe 11. The individual piezoelectric trans- 
ducer elements of the ultrasonic probe 1 1 convert ultrasonic echo signals back into electric signals, and output the elec- 
tric echo signals to the ultrasonic transceiver 1 5. 
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The aforementioned ultrasonic transceiver 15 includes a received signal processing circuit which controls phases 
of the input echo signals by providing specific time delays in a manner similar to transmission cycles, in order to produce 
an imaginary receiving beam in a direction in which the transmitted beam was created. The echo signals picked up by 
the receiving beam are demodulated and output as a B-mode signal to the DSC 18 through a first channel, as a velocity 
5 signal to the DSC 1 8 through a second channel, and as a variance or power signal to the DSC 18 through a third chan- 
nel. 

The DSC 1 8 performs coordinate transformation, in which data derived from the B-mode signal, velocity signal, and 
variance or power signal are converted into values for individual pixel locations of a raster scan format of the indicator 
24, and the signals thus converted are individually output to the synthesis circuit 52. 

w The synthesis circuit 52 includes a processor 51 , a red (R) component digital-to-analog (D/A) converter 21 , a green 
(G) component D/A converter 22, and a blue (B) component D/A converter 23. The processor 51 is controlled by the 
CPU 43. A function of the processor 51 is to perform operations using two signals according to an operating flow shown 
in FIG. 2, for example, and convert signals for the individual pixel locations obtained by the operation into RGB values 
under the control of the CPU 43. This configuration requires less communications with the CPU 43 and enables high- 

75 speed operation of the processor 51 . 

The operations performed by the processor 51 will be described later with reference to drawings including flow- 
charts. 

Comprising aphasedetedor r afi^ 

verting the output (B-mode signal) erf the ultrasonic transceiver 15 into a velocity signal for color flow mapping (CFM). 
20 A circuit conf iguration for converting the B-mode signal into the velocity signal for color flow mapping (CFM) is known 

in the prior art. 

The phase detector includes a mixer and a low-pass fflter. The echo signals reflected by moving parts such as 
blood flows are shifted in frequency (Doppler shift) due to the Doppler effect. The phase detector performs phase detec- 
tion to discriminate Doppler frequencies and outputs only low-frequency Doppler signals to the filter circuit. 
25 The filter circuit removes unwanted Doppler signal components and efficiently detects Doppler signals produced by 
that part of heart muscle which exists in the direction of the ultrasonic beam. To obtain Wood flow information, the filter 
circuit functions as a high-pass filter through which a mixture of Doppler signals produced by the blood flows, heart wall 
and valve motion in order to remove the unwanted Doppler signal components resulting from other moving parts than 
blood flows. 

30 The Doppler signals passed through the filter circuit are output to the frequency analyzer in a succeeding stage. 
The frequency analyzer analyzes blood flow signals (Doppler frequency signals) by a frequency analysis technique 
based on a fast Fourier transform (FFT) or autocorrelation method and computes average velocities and maximum 
velocities within observation time (time window) in individual sample volumes. More particularly, the frequency analyzer 
computes on a real-time basis an average Doppler frequency (which represents the average moving velocity of a target 

35 object) and a variance value (which represents the degree of turbulence of Doppler spectrum) at each raster scan pixel 
location by using the FFT or autocorrelation method, as well as a maximum value of Doppler frequency (which repre- 
sents the maximum moving velocity of the target object) by using the FFT method. Results of such Doppler frequency 
analysis are output as color Doppler information. 

As previously mentioned, the velocity of each moving object directly detected by an ultrasonic Doppler method is a 

40 velocity component in the direction of the ultrasonic beam. The velocity to be actually obtained is an absolute velocity 
V. An absolute velocity vector can be obtained by using various estimation methods. These include (i) a method in 
which ultrasonic beams are emitted to a target location of a moving object in two directions at different incident angles 
from different aperture positions and an absolute velocity vector is estimated based on Doppler shift frequencies 
obtained by the individually emitted beams; and (ii) a method in which ultrasonic beams are emitted in slightly different 

45 two directions from a common aperture and a velocity component (tangential component) in a direction perpendicular 
to the beams is obtained from resultant Doppler shift frequencies (radial component) to estimate an absolute velocity 
vector. 

The indicator 24 is comprised of a color cathode ray tube (CRT). Now, color display methods for displaying Wood 
flow information is briefly described. There are three basic color display methods: (i) a display of magnitudes (absolute 

so values) of velocity; (ii) a display of moving directions and magnitudes of velocity; and (iii) a display of moving directions. 
Display method (i) includes two alternative ways of presentation: (a) different magnitudes of velocity are represented by 
variations in brilliance of a single hue; or (b) different magnitudes of velocity are represented by different hues. One 
practical form of display method (ii) is to present different moving directions by different hues and different magnitudes 
of velocity by variations in brilliance. In this approach, practicable methods of representation with respect to moving 

55 directions are limited in accordance with the type of velocity information obtained. A conventionally known technique is 
to represent a motion of an approaching object in red and a motion of a receding object in blue. This technique is used 
in an embodiment of the invention. Thus, a blood flow approaching the ultrasonic probe 1 1 is shown in red while a blood 
flow moving away from the ultrasonic probe 1 1 is shown in blue. In addition, the blood flows are shown in brighter red 
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or blue (increased brilliance) as the absolute value of a flow velocity increases. 

The second converter 1 7 is for converting the output (B-mode signal) of the ultrasonic transceiver 1 5 into a variance 
or power signal representing the variance or power of blood flow velocities. Like the first converter 16, the second con- 
verter 17 comprises a wall filter circuit and a frequency analyzer, for example. Using signals P and Q' output from the 
wall filter circuit, the frequency analyzer (autocorretor) calculates power (P 2 + Q 2 ) and outputs it to the synthesis circuit 
52. The power (P 2 + Q' 2 ) is converted into color display data in the synthesis circuit 52 for presentation in colors of a 
single hue (e.g., orange). A circuit configuration for converting the B-mode signal into the Wood flow velocity variance 
or power signal is known in the prior art 

Referring now to FIG. 2, a sequence of operations performed by the processor 51 in producing a translucent dis- 
play of a color flow mode image (color Doppler plane section image) or a B-mode image is described. A color flow mode 
image signal vector C 2 (i, j) supplied from the first converter 16 to the DSC 18 is multiplied by a B-mode signal f(i. j) fed 
from the DSC 1 8 in an arithmetic unit 31 provided within the processor 51 to obtain a synthesized image vector C 3 (i, j). 
The synthesized image vector C 3 (i, fl thus produced is individually supplied to the R component D/A converter 21, G 
component D/A converter 22, and B component D/A converter 23. 

A practical example of such translucent display operation is now described below. If a B-mode signal value corre- 
sponds to halftone gray, the output f(i, j) becomes 0.51 . On the other hand, if a color flow mode image has a value cor- 
responding to blue, the color flow mode image signal vector C2(153, 126) is expressed as follows: 



A color vector C3O 53, 1 26) of a synthesized image obtained by superimposition using a translucent display method 
is expressed as follows: 



Details of the aforementioned operations are described with reference to a color coordinate system shown in FIG. 
3. In the above exanple, the output f(i, j) is 0.51 and the value of the B-mode image signal can be expressed by a vector 
d(153, 126), which is directed to poinflocated on a diagonal joining two points corresponding to black and white in 
FIG. 3. On the other hand, the color flow mode image signal vector (^(153, 126) having the value corresponding to blue 
is directed to point * corresponding to blue. The synthesized image color vector 03(1 53, 126) is then directed to point 
/E which is located between the points corresponcfing to black and blue. This means that the color flow mode image 
signal vector C 2 (153, 126) retains the same hue although its luminosity decreases. More particularly, the luminosity of 
the color flow mode image signal vector C2O53, 126) varies in accordance with the luminosity of the B-mode image 
vector C«|(153, 126) which lies in the foreground so that the operator can see the color flow mode image through the B- 
mode image. 

If the images are simply superimposed by the mixed display method without using the translucent display method, 
an image obtained at a mixture ratio of 50:50 would be expressed by the following equation: 



' 0 "I 
^(153, 126)= 0 

l255> 



0^(153, 126) = f(153, 126)C^(153, 126) 




C^(153, 126) = (1 - 0.5)O;(153, 126) + 0.5C 2 (153, 126) 



(130\ [0] r65- 
= 0.5 130 +0.5 0 = 65 
,130/ V255> Ll82. 



The superimposed image obtained by the mixed display method, as expressed by the above equation, is located 
at point 0 in the color coordinate system of FIG. 3. This image is blurted as it exists inside a solid body. The foregoing 
discussion with reference to FIG. 3 has described how velocities of a blood flow moving away from the ultrasonic probe 
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1 1 are displayed in blue by the translucent display method. Velocities of a blood flow approaching the ultrasonic probe 
11 are displayed in red by the translucent display method in a similar way in which the horizontal axis (red) is used 
instead of the vertical axis (blue). 

FIG. 4 shows a sequence of operations performed by the processor 51 according to a preferred translucent display 
5 method. The sequence differs from that of FIG. 2 in operations of an arithmetic unit 32 which is contained in the proc- 
essor 51 . The B-mode signal f(i, j) fed from the DSC 1 8 is multiplied by a coefficient k in a multiplier 33 to obtain k • f (i, 
j), to which a coefficient b is added by an adder 34 to obtain b + k • f(i, j) . Next, a multiplier 35 multiplies b + k • f(i ( j) 
by a color flow mode image signal vector Cgft j) to obtain the following: 

10 c;p,j) = (b + k-f(iJ))xC;(i t O 

The coefficients k and b are so determined that each dark portion of an image becomes brighter. This makes it possible 
to increase the brightness of those portions which are overlapped by the translucent display method and provide easier 
viewing of a translucent display. It is to be noted, however, that too large values of the coefficients k and b produce an 

75 white image, causing a change in hues of some pixels. The coeff icients k and b should therefore be set to proper values 
to avoid such inconvenience. 

FIG. 5 shows a sequence of operations performed by the processor 51 according to another preferred translucent 

displays method. The sequence differs from-that of-FIG. 2 in operations of an arithmetic unit 36 which tscontained in the 

processor 51. More specifically, the sequence of FIG. 5 includes steps 37 and 38 which are executed prior to an oper- 

20 ation performed by a multiplier 39. Step 37 compares f(i, j) with a specific threshold (e.g.. 95/255). If the value of f(i. j) 
of a particular pixel is smaller than the threshold, that is, the pixel is darker than a threshold level, a predefined param- 
eter b f is added to f(i, j) in step 38 and the sum is substituted for f(i, j) as shown in FIG. 5. If the value of f(i, j) is larger 
than the threshold in step 37, that is, the pixel is brighter than the threshold level, step 38 is skipped and the value of f (i, 
j) is left unchanged. Consequently, blood vessel regions are displayed with increased brightness. Darker pixels are pro- 

25 duced if the coefficient b f added in step 38 is small, whereas brighter pixels are produced if the coefficient b' is large. 
Although this translucent display method makes the blood vessel regions easier to recognize, too high a value of the 
coefficient V makes it somewhat difficult to find out their locations. The coefficient b' should therefore be set to a proper 
value to avoid such inconvenience. 

As a result the indicator 24 presents a plane section image like an example shown in FIG. 6, which is produced by 

30 superimposing a B-mode plane section image of a living body part (narrow portions in black-and-white gradation as 
indicated by A) and a color flow mode image representing color-coded blood flow velocities in accordance with a color 
scale (wider portions in colors of two hues, or red and blue, as indicated by B) by one of the aforementioned translucent 
display methods. 

FIG. 7 shows a sequence of operations performed by the processor 51 for power Doppler image presentation. The 

35 sequence differs from that of FIG. 2 in that a power Doppler image is superimposed on a B-mode image by a translu- 
cent display method and this is performed by use of a multiplier 40 in manner similar to the sequence of FIG. 2. Since 
the power Doppler image is displayed in colors of a single hue, the power (intensity) (I' 2 + Q' 2 ) of Doppler frequency 
shifts is represented as an easy-to-recognize synthetically generated image. 

FIG. 8 shows a sequence of operations performed by the processor 51 for power Doppler image presentation. The 

40 arrangement of FIG. 8 (fitters from that of FIG. 7 in that a processor 41 includes a reversing circuit 42 preceding a mul- 
tiplier 43. As the reversing circuit 42 inverts black portions of a B-mode image into white, and vice versa, it becomes 
easier to recognize overlapped portions. The operator should however get accustomed to observing an inverted mon- 
ochrome presentation of each B-mode image. 

FIG. 9 is a block diagram showing the configuration of an ultrasound diagnostic apparatus according to another 

45 embodiment of the invention. The configuration of FIG. 9 differs from the configuration of FIG. 1 in that the former com- 
prises a synthesis circuit 19 in which a look-up table 20 is provided instead of the processor 51 of FIG. 1. The CPU 43 
of FIG. 9 performs operations using two signals corresponding to the B-mode signal f(i, D and color flow mode image 
signal vector C£\ t j) according to the operating flow shown in FIG. 2, for example, and stores data obtained by the oper- 
ations in a random access memory (RAM) 45. More particularly, the CPU 43 performs the operations using various 

so combinations of values of the two signals corresponding to multiple pairs of values of the B-mode signal f(i, D and color 
flow mode image signal vector C 2 (i. D> va,ues bein 9 chosen from their specified ranges, and synthesized image vec- 
tors C 3 (i, j) obtained by the operations are stored in the RAM 45. The CPU 43 reads specific signals out of the RAM 45 
and writes these signals into the look-up table 20 in response to a control signal entered from the operating panel 14. 
In an alternative form of the embodiment the look-up table 20 may be formed of a memory device readily storing syn- 

55 thesized image vectors (^(i, j) which correspond to various combinations of values of the two signals corresponding to 
multiple pairs of values of the B-mode signal f(i. D and color flow mode image signal vector (^(i, D, the values being 
chosen from their specified ranges. 

When a combination of values of the B-mode signal f(i, j) and color flow mode image signal vector C20. 0 has ^en 
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supplied from the DSC 18, for instance, the look-up table 20 reads out previously stored data (i.e., synthesized image 
vector C3(i, ft) corresponding to that combination of signals and delivers the data to the red (R) component D/A con- 
verter 21, green (G) component D/A converter 22 and blue (B) component D/A converter 23. 

A sequence of operations performed in the embodiment of FIG. 9 in producing a translucent display of a color flow 
5 mode image (color Doppler plane section image) is now described with reference to the operating flow of FIG. 2. The 
color flow mode image signal vector CaO, ft fed from the first converter 16 to the DSC 18 and the B-mode signal f(i, j) 
fed from the DSC 1 8 are supplied to the look-up table 20 in the synthesis circuit 19. 

When a combination of values of the B-mode signal f(i, j) and color flow mode image signal vector C 2 (i, ft has been 
supplied, the look-up table 20 reads out previously computed and stored synthesized image vector C 3 (i, j) correspond- 
w ing to that combination of signals and delivers it to the R component D/A converter 21, G component D/A converter 22 
and B component D/A converter 23. 

A sequence of operations performed in the embodiment of FIG. 9 in producing a translucent display is now 
described with reference to the operating flow of FIG. 4. 

The CPU 43 of FIG. 9 performs operations using two signals corresponding to the B-mode signal f(i, ft and color 
75 flow mode image signal vector Cgfl, j) according to the operating flow shown in FIG. 4 and stores data obtained by the 
operations in the RAM 45. 

The signal corresponding to the B-mode signal f(i, ft fed from the DSC 18 is multiplied by a coefficient k in step 33 

to obtain k • f(ir j)rto which a coefficient b is added by an adder 34 to obtain h*. k_i f(i, j) _Nqxt. tii^gMi^^sponding 

to the color flow mode image signal vector C 2 (i. 0 is multiplied in step 35 to obtain the following: 



20 



C;(i.j)«(b + k-f(i.j))xC 2 (i f j) 



The coeff icients k and b are so determined that each dark portion of an image becomes brighter. This makes it possible 
to increase the brightness of those portions which are overlapped by the translucent display method and provide easier 
25 viewing of a translucent display. It is to be noted, however, that too large values of the coefficients k and b produce an 
white image, causing a change in hues of some pixels. The coefficients k and b should therefore be set to proper values 
to avoid such inconvenience. 

When a combination of values of the B-mode signal f(i. D and color flow mode image signal vector C2(i. ft has been 
supplied from the DSC 18, for instance, the look-up table 20 reads out previously computed and stored synthesized 
30 image vector C 3 (i, ft corresponding to that combination of signals and delivers it to the R component D/A converter 21 , 
G component D/A converter 22 and B component D/A converter 23. 

A sequence of operations performed in the embodiment of FIG. 9 in producing a translucent display is now 
descrfoed with reference to the operating flow of FIG. 5. 

The CPU 43 of FIG. 9 performs operations using two signals corresponding to the B-mode signal f(i, ft and color 
35 flow mode image signal vector C2O, j) according to the operating flow shown in FIG. 5 and stores data obtained by the 
operations in the RAM 45. 

The sequence of FIG. 5 differs from that of FIG. 2 in that portion of the operating flow which is indicated by the 
numeral 36. More specifically, the sequence of FIG. 5 includes steps 37 and 38 which are executed prior to step 39. 
Step 37 compares f(i, j) with a specific threshold (eg. 95/255). If the value of f(i, j) of a particular pixel is smaller than 

40 the threshold, that is, the pixel is darker than a threshold level, a predefined parameter b* is added to f (i r ft in step 38 
and the sum is substituted for f(i, j) as shown in FIG. 5. If the value of f(i, j) is larger than the threshold in step 37, that 
is, the pixel is brighter than the threshold level, step 38 is skipped and the value of fp, ft is left unchanged. Consequently, 
blood vessel regions are displayed with increased brightness. Darker pixels are produced if the coefficient b' added in 
step 38 is small, whereas brighter pixels are produced if the coefficient b' is large. Although this translucent display 

45 method makes the blood vessel regions easier to recognize, too high a value of the coefficient b' makes it somewhat 
difficult to find out their locations. The coefficient b' should therefore be set to a proper value to avoid such inconven- 
ience. 

When a combination of values of the B-mode signal f(i, ft and color flow mode image signal vector C2O, ft has been 
supplied from the DSC 18, for instance, the look-up table 20 reads out previously computed and stored synthesized 
50 image vector C 3 (i. ft corresponding to that combination of signals and delivers H to the R component D/A converter 21 , 
G component D/A converter 22 and B component D/A converter 23. 

A sequence of operations performed in the embodiment of FIG. 9 in producing a translucent display of a power 
Doppler image is now described with reference to the operating flow of FIG. 7. 

The CPU 43 of FIG. 9 performs operations using two signals corresponding to the B-mode signal f(i, ft and power 
55 Doppler image signal vector (^(i. ft according to the operating flow shown in FIG. 7 and stores data obtained by the 
operations in the RAM 45. 

FIG. 7 shows a sequence of operations performed by the CPU 43 for power Doppler image presentation. The 
sequence differs from that of FIG. 2 in that a power Doppler image is superimposed on a B-mode image by a translu- 
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cent display method and this is performed by way of step 40 which is similar to step 31 of FIG. 2. Since the power Dop- 
pler image is displayed in colors of a single hue. the power (intensity) (I* + Q' 2 ) of Doppler frequency shifts is 
represented as an easy-to-recognize synthetically generated image. 

When a combination of values of the B-mode signal f(i, D and power Doppler image signal vector C20, 0 has been 

5 supplied from the DSC 18, for instance, the look-up table 20 reads out previously computed and stored synthesized 
image vector C3(i, j") corresponding to that combination of signals and delivers it to the R component D/A converter 21 , 
G component D/A converter 22 and B component D/A converter 23. 

A translucent display of a power Doppler image can be produced by the embodiment of FIGL 9 according to the 
operating flow of FIG. 8 in a manner similar to the operating flow of FIG. 7. 

10 Although the foregoing discussion of the embodiments of the invention has dealt with the methods of translucent 
display in the ultrasound diagnostic apparatus, the translucent display methods are generally applicable to any display 
apparatus which presents a two<Jimensional image by superimposing a first information signal and a second informa- 
tion signal on each other. In such generalized applications, the B-mode image signal corresponds to the first information 
signal while the B-mode image signal acquisition means corresponds to first signal generating means. Similarly, the 

15 color flow mode image signal or power Doppler image signal corresponds to the second information signal while color 
flow mode image signal acquisition means or power Doppler image signal acquisition means corresponds to the sec- 
ond signal generating means. 



Claims 

20 

1 . An ultrasound diagnostic apparatus which transmits an ultrasonic pulse signal to a specified region of a living body 
including its moving parts such as a blood flow and displays a status within said region of the living body based on 
reflected ultrasonic waves which have been received, said ultrasound diagnostic apparatus comprising: 

25 B-mode image display signal acquisition means for acquiring a B-mode image display signal derived from said 

region; 

color flow mode image display signal acquisition means for acquiring a color flow mode image display signal 
which represents information on movements of Wood and other moving parts in colors; 
translucent display processing means which performs a translucent display operation on the B-mode image 
30 display signal fed from the B-mode image display signal acquisition means and the color flow mode image dis- 

play signal fed from the color flow mode image display signal acquisition means; and 
display means which displays a synthesized image produced by superimposing a B-mode image and a color 
flow mode image based on a signal fed from the translucent display processing means. 

35 2. An ultrasound diagnostic apparatus according to claim 1 wherein the translucent display operation is accomplished 
by varying the brightness of each pixel of the color f low mode image in accordance with the brightness of a corre- 
sponding pixel of the B-mode image. 

3. An ultrasound diagnostic apparatus according to claim 2 wherein image brightness is varied by multiplying the 
40 brightness of each pixel of the cola flow mode image by the brightness of a corresponding pixel of the B-mode 

image. 

4. An ultrasound diagnostic apparatus according to daim 2 wherein image brightness is varied by multiplying We 
brightness of each pixel of the color flow mode image by a coefficient obtained by adding a specific coefficient to a 

45 coefficient which is proportional to the brightness of a corresponding pixel of the B-mode image. 

5. An ultrasound diagnostic apparatus according to claim 2 wherein, if the brightness of a pixel of the B-mode image 
is lower than a specific threshold, image brightness is varied by increasing the brightness of that pixel by a specific 
amount and multiplying the brightness of a corresponding pixel of the color flow mode image by the increased 

so brightness of the pixel of the B-mode image and, if the brightness of a pixel of the B-mode image is higher than the 
threshold, image brightness is varied by simply multiplying the brightness of a corresponding pixel of the color flow 
mode image by the original brightness of the pixel of the B-mode imag . 

6. An ultrasound diagnostic apparatus which transmits an ultrasonic pulse signal to a specified region of a living body 
55 including its moving parts such as a blood flow and displays a status within said region of the living body based on 

reflected ultrasonic waves which have been received, said ultrasound diagnostic apparatus comprising: 

B-mode image display signal acquisition means for acquiring a B-mode image display signal derived from said 
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region; 

power Doppler image display signal acquisition means for acquiring a power Doppler image display signal 
which represents blood flow intensities in colors; 

translucent display processing means which performs a translucent display operation on the B-mode image 
display signal fed from the B-mode image display signal acquisition means and the power Doppler image dis- 
play signal fed from the power Doppler image display signal acquisition means; and 
display means which displays a synthesized image produced by superimposing a B-mode image and a power 
Doppler image based on a signal fed from the translucent display processing means. 

An ultrasound diagnostic apparatus according to claim 6 wherein the translucent display operation is accomplished 
by varying the brightness of each pixel of the power Doppler image in accordance with the brightness of a corre- 
sponding pixel of the B-mode image. 



8. An ultrasound diagnostic apparatus according to claim 7 wherein image brightness is varied by inverting the bright- 
15 ness of each pixel of the B-mode image and multiplying the inverted brightness by the brightness of a correspond- 
ing pixel of the B-mode image. 



9— An-ultrasoord diagnostic apparatus which transmits^an ultrasonic- 
including its moving parts such as a blood flow and displays a status within said region of the living body based on 
20 reflected u Itrasonic waves which have been received, said ultrasound diagnostic apparatus comprising: 

B-mode image display signal acquisition means for acquiring a B-mode image display signal derived from said 
region; 

color flow mode image display signal acquisition means for acquiring a color flow mode image display signal 
25 representing information on movements of blood and other moving parts in a plurality of colors; 

first translucent display processing means which performs a translucent display operation on the B-mode 
image display signal fed from the B-mode image display signal acquisition means and the color flow mode 
image display signal fed from the color flow mode image display signal acquisition means; 
power Doppler image display signal acquisition means for acquiring a power Doppler image display signal 
30 which represents Wood flow intensities in colors of a single hue; 

second translucent display processing means which performs a translucent display operation on the B-mode 
image display signal fed from the B-mode image display signal acquisition means and the power Doppler 
image display signal fed from the power Doppler image display signal acquisition means; and 
display means which selectively displays a synthesized image based on a signal fed from the first or second 
35 translucent display processing means. 

1 0. An ultrasound diagnostic apparatus according to claim 1 , 6 or 9 wherein the information on the movements of blood 
and other moving parts or blood flow intensities are displayed in colors of a single hue. 

4o 1 1 . An ultrasound diagnostic apparatus according to claim 1 or 9 wherein the information on the movements of blood 
and other moving parts is the variance of the blood flow. 

12. A display apparatus which presents a two-dimensional image by superimposing a first information signal and a sec- 
ond information signal on each other, said display apparatus comprising: 



first signal generating means for producing the first information signal; 

second signal generating means for producing the second information signal which is expressed by a plurality 
of colors; 

synthesized image signal acquisition means for producing a synthesized image signal by performing a trans- 
so lucent display operation on the first information signal and the second information signal which is expressed by 

a plurality of colors; and 

display means which displays a synthesized image based on the synthesized image signal fed from said syn- 
thesized image signal acquisition means. 
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